The saphenous nerve-evoked slow v.r.p. was depressed by [Met5] enkephalin (0.1-1 EM), dynorphin (1-13X0.2 gM) and morphine (1-2 pM), and these effects were reversed by naloxone (1 pM).
Introduction
The tachykinin antagonist, [D-Arg1, D-Trp7'9, Leu1l] substance P (spantide) (Rosell, 1986) , depresses the nociceptive reflex induced by application of capsaicin to the tail of an isolated spinal cord-tail preparation of the newborn rat (Otsuka & Yanagisawa, 1988) . Based on this finding, as well as many other lines of evidence, we suggested that substance P (SP) and neurokinin A (NKA), which are present in a subpopulation of primary afferent C fibres, are involved as neurotransmitters in this nociceptive reflex. We assumed that the nociceptive reflex was induced by stimulation of primary afferent C 1 Author for correspondence.
fibres, basing our assumption entirely on the pharmacological specificity of capsaicin (Kenins, 1982; Heyman & Rang, 1985; Marsh, 1985) . Indeed, we were not able to prove, by recording from sensory nerves, that the application of capsaicin resulted in an afferent C-fibre volley which induced the nociceptive reflex. In the present study we used a newly developed isolated spinal cord-peripheral nerve preparation of the newborn rat in which a purely cutaneous nerve, i.e. the saphenous nerve, and a typical muscle nerve, i.e. the obturator nerve, can be separately stimulated. Electrical stimulation of saphenous nerve at C-fibre strength evoked a slow ventral root the application of capsaicin to the tail (Otsuka & Yanagisawa, 1988) . We therefore used this preparation to test the effects of spantide and other drugs on a response with a slow time course evoked by electrical stimulation of C fibres. Some of the present results have been published in a preliminary form (Otsuka & Yanagisawa, 1987b Resection of the psoas muscle exposed the thick nervous trunk which gives rise to the femoral and obturator nerves. The obturator nerve was sectioned at the level of the obturator foramen and dissected free. The saphenous nerve was sectioned where it runs superficially over the medial aspect of the knee joint, and was dissected free up to its origin from the femoral nerve (for anatomical data, see Greene, 1968) . The spinal cord, without hemisection below the lower thoracic level, together with the lumbar ventral and dorsal roots, dorsal root ganglia (L3-4), and the attached femoral, saphenous and obturator nerves on one side, was dissected out, placed in a recording chamber of about 0.4ml volume and perfused with artificial CSF saturated with 95% 02/5% CO2 at a rate of about 6 ml min-. The temperature was kept at 270C. Extracellular recordings were made from the L3 ventral root or from the distal end of the cut dorsal root with a tightly fitting suction electrode on a penrecorder or an oscilloscope through a preamplifier. Details of the experimental procedures and the sources of drugs were as described previously (Otsuka & Yanagisawa, 1988) .
Results

Effects ofstimulation of the saphenous and obturator nerves
In the experiment illustrated in Figure 1, speed that would be expected in C fibres (Fitzgerald & Gibson, 1984; Fitzgerald, 1985) .
Stimulation of the obturator nerve with increasing intensity, elicited a response in the ipsilateral ventral root when the intensity of the stimuli attained a value of 15V (Figure 2Ba ). When the potential was recorded from the peripheral stump of the severed L3 dorsal root, a compound action potential with a conduction velocity of about 1.2ms-' was observed at a stimulus intensity of 15V (Figure 2Bb ). With stimuli of varying intensities a close correlation between the amplitude of the compound action potential in the dorsal root and the size of the evoked response in the ventral root was observed (Figure 2A-D) . The short delay suggests that the initial response in the ventral root is a monosynaptic reflex. There is evidence that monosynaptic reflexes evoked by la muscle afferents are already developed at the time of birth of rats (Saito, 1979;  Konishi, 1982; Kudo & Yamada, 1985) . Saphenous nerve stimulation, by contrast, did not evoke a monosynaptic reflex in the L3 ventral root as shown in Figure 1E with a fast sweep speed.
Recordings from ventral roots with a slow time base showed that stimulation of the obturator nerve elicited a depolarizing response with a relatively fast time course, which, even with intense stimulation, was followed by a slow depolarization of small amplitude ( Figure 2E ). In this paper, therefore, we present data about effects of drugs on the slow response evoked by stimulation of a cutaneous nerve only. Single or double shocks at 20-50 Hz were used for stimulation. Stable responses could be recorded from the ventral root for several hours.
Effects of spantide on the saphenous nerve-evoked slow response Since the above experiments suggested that the slow depolarizing response of the ventral root upon intense stimulation of the saphenous nerve was evoked by primary afferent C fibres, it was of interest to examine the possible involvement in this reflex of SP and NKA which are contained in certain primary afferent C fibres (Nagy et al., 1981; Leah et al., 1985; Hua et al., 1985) . We therefore tested the effects of spantide, which has been shown to be a specific and (Figure 4Ac ). The effects of dynorphin (1-13) and morphine, by contrast, were sustained for more than 30min after removal of the drugs. These effects of opioids were reversed by naloxone (1 /uM) (Figure 4Bc ). Application of naloxone (0.5 pM) alone to fresh preparations which had not received any opioids previously, markedly potentiated the saphenous nerve-evoked slow v.r.p. (cf. Yanagisawa et al., 1984) . As shown in Figure 5 , two other endogenous neuropeptides, galanin (1-2/AM; n = 2) and somatostatin (1-2.5/AM; n = 3), also depressed markedly and reversibly the saphenous nerve-evoked slow v.r.p. By contrast, calcitonin gene-related peptide (CGRP; 0.1-0.5 SAM; n = 5) reversibly potentiated the saphenous nerve-evoked slow v.r.p. (Figure 6 ). galanin (2pM), somatostatin (2.5 pM), GABA (20 M) and muscimol (0.2 JM). The obturator nerve-evoked monosynaptic reflex was little affected by these drugs at the above concentrations.
Discussion
Intense stimulation of a cutaneous, i.e. saphenous, nerve which contains more than 80% of unmyelinated fibres (Jancso et al., 1985) , induces a slowly conducted afferent volley in the L3 dorsal root which is presumably attributable to C fibres (Fitzgerald, 1985) , and at the same time a slow depolarizing response in the ipsilateral ventral root. The functional significance of the saphenous nerve-evoked slow v.r.p. is at present unknown, but may be related to various C fibre-evoked activities of spinal neurones. In rats, flexor-withdrawal reflexes can be evoked by cutaneous C-fibre stimulation at birth (Fitzgerald & Gibson, 1984) . These reflexes are exaggerated and of long duration in the neonatal period (Ekholm, 1967; Fitzgerald & Gibson, 1984) . Our preliminary experiments with the present preparations showed that the saphenous stimulation at C-fibre strength induced spike discharges in pectineus nerve during the 2 to 4s period after the stimulus. The latter observation suggests that the saphenous nerve-evoked slow v.r.p. contains, at least in part, components of flexor reflexes. A tachykinin antagonist, spantide (Rosell, 1986) , depressed the saphenous nerve-evoked slow v.r.p., suggesting that SP and NKA may be involved as neurotransmitters in this slow response. A likely possibility is that SP and NKA are released from certain primary afferent C fibres upon stimulation of the saphenous nerve and produce slow excitatory postsynaptic potentials (e.p.s.ps) in dorsal horn neurones which, via synapses in the spinal cord, elicit a sustained depolarization of motoneurones (Otsuka & Yanagisawa, 1988) . In this connection, Cook et al. (1987) observed in rat spinal cord that brief inputs from peripheral afferent C fibres can greatly increase the size of cutaneous receptive fields of dorsal horn neurones for prolonged periods, and suggested that this may be due to slow subthreshold excitation of dorsal horn neurones.
In the present study we used spantide at 4-16/M.
Our previous study (Otsuka & Yanagisawa, 1988) showed that spantide 16/M displays a considerable degree of specificity as a tachykinin antagonist, although it also antagonized bombesin (cf. Yachnis et al., 1984) . However, the role of bombesin in the C-fibre response in the present preparation is probably small because the amount of bombesin in the spinal cord was shown to be about one fiftieth of that of SP (McGregor et al., 1984) . The pA2 values of spantide were estimated against various tachykinin agonists in various tissues. The estimated pA2 values varied between 5.2 and 6.9, which suggests the existence of more than one class of spantide-susceptible tachykinin receptor (Chahl, 1985; Greiner, 1985; Featherstone et al., 1986; Buck & Shatzer, 1988 ). In the newborn rat spinal cord we observed that spantide, 2-16pm, depressed the SP-and NKA-induced depolarization of the ventral root, and estimated the pA2 value of spantide against SP to be 5.4 (Otsuka & Yanagisawa, 1988) . This value probably represents mainly the pA2 values of tachykinin receptors of possibly more than one class located on spinal interneurones. On the other hand, Wienrich & Harting (1985) found that the SP-induced depolarization of ventral roots was unaffected or potentiated by spantide 10 ym in the newborn rat spinal cord treated with tetrodotoxin, which may reflect different properties of tachykinin receptors located on motoneurones.
Immunohistochemical, autoradiographic and neurochemical studies show that there is a dense concentration of GABA terminals (Miyata & Otsuka, 1975; Barber et al., 1978; Hunt et al., 1981) , GABA receptors (Price et al., 1984; Young & Kuhar, 1980) , enkephalin-immunoreactive terminals (Hokfelt et al., 1977; Hunt et al., 1981) and opiate receptors (Atweh & Kuhar, 1977) in superficial layers of the dorsal horn. Probably both GABA and enkephalins act as inhibitory neurotransmitters of spinal interneurones in this region. It is conceivable that an incoming primary afferent volley activates not only secondary sensory neurones but inhibitory interneurones containing GABA or enkephalins, and that these transmitters modulate the nociceptive input by presynaptic and/or postsynaptic inhibition. In support of this, the tail-pinch potential, i.e. the nociceptive reflex induced by tail-pinch and recorded from a lumbar ventral root of the isolated spinal cord-tail preparation, was potentiated by naloxone (Yanagisawa et al., 1984) and by bicuculline (Otsuka & Yanagisawa, 1987a) Yanagisawa et al., 1986a,b; Otsuka & Yanagisawa, 1988) , which is consistent with the assumption that both responses are evoked by C-fibre stimulation. The effects of opioids may be relevant to the fact that C-fibre-mediated nociception is particularly sensitive to morphine (Le Bars et al., 1976) . Galanin, somatostatin and CGRP are known to occur in subpopulations of sensory C fibres (Hokfelt et al., 1976; Nagy et al., 1981; Ch'ng et al., 1985; Gibson et al., 1984; Gibbins et al., 1985) . Based on the present findings of the peptide actions, it is conceivable that galanin, somatostatin and CGRP are released from sensory C fibres as neurotransmitters or co-transmitters and modulate nociceptive inputs in the substantia gelatinosa. The potentiating effect of CGRP on the saphenous nerveevoked slow v.r.p. is consistent with the observation of Woolf & Wiesenfeld-Hallin (1986) that CGRP increased the excitability of the nociceptive flexion reflex. A possible mechanism of action of CGRP is the increase of SP release from C fibres (Oku et al., 1987) , because the intrathecal application of CGRP did not affect the response to SP applied to the spinal cord in mice (Gamse & Saria, 1986) .
The present spinal cord-peripheral nerve preparation appears to offer many possibilities for further study of the spinal reflexes involving C fibres. For example, it should now be possible to examine pharmacological aspects of the effects of concomitant stimulation of A fibres on the C-fibre response. According to the gate control theory (Melzack & Wall, 1965) , stimulation of some A fibres would be expected to suppress the C-fibre reflex induced by saphenous nerve stimulation. It may also be possible to examine the effect of descending inhibition on C-fibre reflexes by stimulating appropriate nuclei in the brainstem (Garcia-Arrarats et al., 1986) . Furthermore, it will be possible to elaborate the present preparation to include various afferent and efferent pathways in the peripheral nervous system and study reflexes which are physiologically meaningful, such as autonomic reflexes.
